As a key component of the Wnt signaling pathway, the β-catenin-transcription factor 7 like 1 (TCF7L1) complex activates transcription and regulates downstream target genes that serve important roles in the pathology of pancreatic cancer. To identify associated key genes and pathways downstream of the β-catenin-TCF7L1 complex in pancreatic cancer cells, the current study used the gene expression profiles GSE57728 and GSE90926 downloaded from the Gene Expression Omnibus. GSE57728 is an array containing information regarding β-catenin knockdown and GSE90926 was developed by high throughput sequencing to provide information regarding TCF7L1 knockdown. Subsequently, differentially expressed genes (DEGs) were sorted separately and the shared 88 DEGs, including 37 upregulated and 51 downregulated genes, were screened. Clustering analysis of these DEGs was performed by heatmap analysis. Functional and pathway enrichment analyses were then performed using FunRich software and Database for Annotation, Visualization and Integrated Discovery, which revealed that the DEGs were predominantly enriched in terms associated with transport, transcription factor activity, and cytokine and chemokine mediated signaling pathway process. A DEG-associated protein-protein interaction (PPI) network, consisting of 58 nodes and 171 edges, was then constructed using Cytoscape software and the 15 genes with top node degrees were selected as the hub genes. Overall survival (OS) analysis of the 88 DEGs was performed and the relevant gene expression datasets were downloaded from The Cancer Genome Atlas. Consequently, three upregulated and seven downregulated genes were identified to be associated with prognosis. Furthermore, high expression levels of five downregulated genes, including CXCL5, CYP27C1, FUBP1, CDK14 and TRIM24, were associated with worse OS. In addition, CDK14 and TRIM24 were revealed as hub genes in the PPI network and both were confirmed to be involved in the Wnt/β-catenin pathway and phosphoinositide 3-kinase/Akt signaling pathway. Promoter analysis was also applied to the five downregulated DEGs associated with prognosis, which revealed that TCF7L1 may serve as a transcription factor of the DEGs. In conclusion, the genes and pathways identified in the current study may provide potential targets for the diagnosis and treatment of pancreatic cancer.
Introduction
Pancreatic cancer is a highly malignant tumor type of the digestive tract that is ranked as the fourth leading cause of cancer-associated mortality (1) , with an estimated 55,440 new cases and an estimated 44,330 mortalities in the USA in 2018 according to statistics from Surveillance, Epidemiology, and End Results (2) . Its aggressive biological properties, lack of early symptoms and rapid spread to surrounding organs lead are responsible for the high mortality rate (3) . Furthermore, the treatment of pancreatic cancer is limited due to difficulties associated with surgical removal, and poor sensitivity to radiotherapy and chemotherapy (4) (5) (6) . Therefore, identification of therapeutic targets is urgently required to improve patient outcome (7) .
It has been reported that β-catenin, a versatile protein that mediates intercellular adhesion and gene expression, is abnormally expressed in pancreatic cancer (8) . As the transcriptional cofactor of β-catenin, transcription factor 7 like 1 (TCF7L1), also termed transcription factor 3, is a member of the mammalian TCF/LEF family. Nuclear DNA-binding TCF/LEF proteins and β-catenin represent key components of the canonical branch of the Wnt signaling pathway, which serves a key role in pancreatic cancer carcinogenesis (9, 10) .
Once the Wnt pathway is activated, β-catenin accumulates in the cytoplasm and enters the nucleus, where it engages
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DNA-bound TCF transcription factors and subsequently regulates the transcription of downstream target genes (11) . It is understood that β-catenin and TCF7L1 are pivotal proteins in the Wnt/β-catenin pathway; therefore, the genes they regulate may be drug targets for pancreatic cancer (12) . In recent years, microarray and high throughput sequencing technologies have widely been used to explore the genetic characteristics of tumorigenesis, which may promote the development of diagnostic and treatment strategies (13) . Bioinformatics research methods are required to handle large sample data; therefore, different databases have been established to provide convenience for research (14, 15) . In the present study, the gene expression profiles GSE57728, an array focused on β-catenin, and GSE90926, an array developed by high throughput sequencing regarding TCF7L1, were downloaded from the Gene Expression Omnibus (GEO) and analyzed to obtain the differentially expressed genes (DEGs) between pancreatic control groups and experimental groups. Clustering analysis, and functional and pathways enrichment analysis were performed to identify the associations and functions of the DEGs. In addition, a protein-protein interaction (PPI) network was constructed, and overall survival (OS) and promoter analyses was performed, to identify the associated key genes and pathways downstream of the β-catenin-TCF7L1 complex in pancreatic cancer cells.
Materials and methods
Collection and inclusion criteria of the studies. The GEO database (www.ncbi.nlm.nih.gov/geo/) was searched for the following keywords: 'pancreatic cancer' (study keyword), 'β-catenin' (study keyword), 'homo sapiens' (organism) and 'Expression profiling by array or sequencing' (study type). This search revealed seven studies. The inclusion criteria for the studies were as follows: i) Samples were required to be in two groups, including the control group and the experimental group, ii) the sample count needed to be >10, iii) β-catenin or TCF7L1 in the experimental group should be overexpressed or inhibited, and iv) sufficient information had to be present to perform the analysis. Consequently, GSE57728 (16) was downloaded for analysis regarding β-catenin and GSE90926, which was contributed by Dr David Dawson (Dawson Laboratory, Department of Pathology and Laboratory Medicine, David Geffen School of Medicine, University of California, Los Angeles, CA, USA), was downloaded for analysis regarding TCF7L1.
Microarray data and validation. Two gene expression profiles (GSE57728 and GSE90926) were downloaded from the GEO database. The array data regarding β-catenin knockdown in GSE57728 included 16 samples, from this the present study selected two control samples with control small interfering RNA (siRNA) transfection and two experimental samples with β-catenin siRNA transfection for analysis. Similarly, the sequencing data regarding TCF7L1 knockdown in GSE90926 included 12 samples and the current study selected three control samples with control siRNA transfection and three experimental samples with TCF7L1 siRNA transfection for further analysis. Subsequently, a microarray assay regarding β-catenin knockdown was conducted to confirm the results from the microarray data downloaded from the GEO database. This was performed based on previous studies in which relevant results regarding the Wnt pathway in pancreatic cancer were revealed, including the identification of FH535 as a small-molecule inhibitor of the Wnt/β-catenin signaling pathway (10, 17) . FH535, as a classic inhibitor of the β-catenin pathway which could repress pancreatic cancer cell growth and metastasis, played the same role as siRNA in the inhibition of the β-catenin pathway. Sample preparation and processing were performed as described in the GeneChip Expression Analysis Manual (Agilent Technologies, Inc., Santa Clara, CA, USA). Differentially expressed genes were screened using Agilent 44K human whole-genome oligonucleotide microarrays (Agilent Technologies, Inc.). After obtaining the two completed microarrays with different gene expressions, 10 shared genes were selected randomly and the gene expression levels of the control and experimental groups were compared to confirm that the data downloaded from the GEO database was reliable.
Data processing. R (version 3.3.3 for Windows; https://www.rproject.org/) is a software system used for data processing, computing and mapping based on the different R packages. The limma package was used to identify the DEGs by linear modeling of the genes. P<0.05 and a fold change >1.5 or <0.667 were set as the cut-off criteria. Subsequently, a heat map of DEGs was generated using R and P<0.05 was set as the cut-off criterion.
Functional and pathway enrichment analysis, and PPI network construction. Database for Annotation, Visualization and Integrated Discovery (DAVID) provides a comprehensive set of functional annotation tools for investigators to understand the biological meaning behind a large list of genes. FunRich is a stand-alone software tool used predominantly for functional enrichment and interaction network analysis of genes and proteins. The results of the analysis can be depicted graphically in the form of Venn, bar, column, pie and doughnut charts. In the present study, gene ontology (GO) enrichment analysis was performed for the identified DEGs using the FunRich (version 3.1.3 for Windows; http://www.funrich.org/) and DAVID databases (version 6.8; http://david.ncifcrf.gov/). P<0.05 was set as the cut-off criterion, however, for the sake of symmetry and sharp contrast, the P-value of several terms was >0.05. In every figure, eight columns were sorted using Funrich. Pathway enrichment analysis was performed for the identified DEGs using KOBAS (http://kobas.cbi.pku.edu.cn/), which is a web server for gene/protein functional annotation and functional gene set enrichment. In addition, the Kyoto Encyclopedia of Genes and Genomes (KEGG; https://www. kegg.jp/) database was used, which is an integrated database resource for biological interpretation of genome sequences and other high-throughput data (18) . P<0.05 was set as the cut-off criterion. In addition, a PPI network of the DEGs was constructed using the STRING database (http://string-db. org/) and Cytoscape (version 3.7.1 for Windows; https://cytoscape.org/), which is a commonly used software to generate integrated models of biomolecular interaction networks. A combined score >0.15 was set as the cut-off criterion. To screen the hub genes, a node degree ≥8 was set as the cut-off criterion.
Survival analysis of DEGs. Gene expression datasets were downloaded from The Cancer Genome Atlas (TCGA; https://tcga-data.nci.nih.gov/tcga) to analyze the prognosis of target DEGs. Data from a total of 178 patients with complete clinicopathological and RNASeq data were collected from the TCGA pancreatic cancer cohort. Clinical characteristics of the 178 patients are presented in Table I , including case ID, sex, year of birth, year of mortality, tumor stage, age at diagnosis measured in days, vital status and time from diagnosis to the last follow-up date or mortality. The patients were divided into two groups according to the expression of a particular gene, including a high expression group and a low expression group. The OS of patients with pancreatic cancer was analyzed using R software and the results were compared using Kaplan-Meier curves on which the P-value was presented. A log-rank test was conducted as the post hoc test.
Promoter analysis of DEGs. Ensemble (http://www.ensembl. org/index.html) is an online website that was used to perform promoter analysis of the DEGs. The eligible transcript of every DEG associated with prognosis was selected and then the 3,000 base pairs 5' upstream were selected as the promoter. Subsequently, the transcription factors (TFs) site analysis function of Genomatix (http://www.genomatix. de/solutions/genomatix-software-suite.html) was used to predict potential TF families and TF binding sites by analyzing the sequence of promoter obtained from Ensemble. Core similarity was set as 1 for an accurate prediction.
Results
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Functional and pathway enrichment analysis, and PPI network construction. To investigate the function of the DEGs, functional enrichment analysis was performed. Analysis using FunRich software indicated that the DEGs were predominantly enriched in the following biological process terms: Transport, amino acid transport, transcription, cytokine and chemokine mediated signaling pathway, and carbohydrate metabolism ( Fig. 3A and B) . In addition, the DEGs were predominantly enriched in following cell component terms: Cytoplasmic cyclin-dependent protein kinase holoenzyme complex, interacted disc, M band and DnA-directed RnA polymerase III complex ( Fig. 3C and D) . Furthermore, for molecular function, the DEGs were enriched in the following terms: Transcription factor activity, DNA-directed RNA polymerase activity, amino acid transporter activity, transcription and lipid binding ( Fig. 3E and F) . Using the DAVID database, GO analysis identified that the DEGs were enriched in the following terms: Negative regulation of myofibroblast differentiation, stem cell population maintenance and cellular response to antibiotic ( Fig. 3G ; Table III) .
KEGG pathway analysis using KOBAS revealed that the DEGs were significantly enriched in the following terms: RnA polymerase, Wnt signaling pathway and cytokine-cytokine receptor interaction ( Fig. 3H ; Table IV ).
The PPI network of DEGs consisted of 58 nodes and 171 edges, including 24 upregulated genes and 34 downregulated genes (Fig. 3I) . As aforementioned, the shared 88 DEGs sorted from the two GSE datasets included 37 upregulated and 51 downregulated genes; however, all shared DEGs were not included in the PPI network as certain genes that were isolated at the edge were removed. Therefore, as presented in Fig. 3I , 58 shared DEGs were included in the PPI network, in which the red nodes represent the upregulated genes and the green nodes represent the downregulated genes. Furthermore, the most significant hub genes were selected as those with the highest numbers of edges. A total of 15 genes were selected as hub genes, including WDFY2, KIT, EGR1, nSD1, DSTYK, CDK14, MDM2, RPS6KA5, CYP1A1, POLR3B, SMC5, DnAI1, SSH2, TRIM24 and CASK.
OS analysis. OS analysis was performed using R software to investigate the prognostic value of the 88 DEGs and the results were presented as Kaplan-Meier curves. Among the 37 upregulated DEGs, CASK, IL32, and KRT7 were significantly associated with prognosis. In addition, among the 51 downregulated DEGs, the expression levels of CDK14, CXCL5, CYP27C1, DnAI1, FUBP1, TRIM24 and ZMAT1 were identified to be significantly associated with prognosis (Fig. 4) . Furthermore, among the downregulated DEGs, high expression levels of CXCL5, CYP27C1, FUBP1, CDK14 and TRIM24 were associated with significantly worse overall survival (Fig. 4) , which suggests inhibition of the β-catenin-TCF7L1 complex may result in the downregulation of these five potential oncogenic genes. notably, CDK14 and TRIM24 were identified as hub genes in the PPI network, which indicates these genes may be the key downstream regulators of the β-catenin-TCF7L1 complex.
Promoter analysis of DEGs. Promoter analysis of DEGs performed using the Ensemble and Genomatix databases revealed that the predicted TFs of the five DEGs associated with poor OS, including CXCL5, CYP27C1, FUBP1, CDK14 and TRIM24, covered different TF families. Only TFs associated with TCF7L1 were selected to obtain a precise result. As presented in the Fig. 5 , TCF7L1 was identified as a TF of four of the DEGs but not CXCL5. This result suggests that TCF7L1 may not be a TF of CXCL5, however, certain unavoidable errors of the prediction may have occurred. Furthermore, the locations of predicted TF sites of each promoter are demonstrated distinctly in Fig. 5 . Two DEGs, including CDK14 and FUBP1, exhibited only one TF site, whereas, TRIM24 and CYP27C1 possessed two different sites. In addition, the locations of the two TF sites of TRIM24 were separated by <5 base pairs (Fig. 5) .
Discussion
Pancreatic cancer is a highly lethal type of tumor of the digestive tract as its mortality rate is closely associated with the incidence rate (19) . The majority of patients with pancreatic cancer exhibit no clinical signs until the disease reaches an advanced stage (20) . Despite rapid developments in treatment strategies, effective early detective tests and drug targets for pancreatic cancer remain limited (21) . Therefore, further understanding of the mechanisms underlying pancreatic cancer carcinogenesis is essential to improve prognosis and reduce the mortality rate. With developments in microarray technology, it can be useful to determine the general genetic alterations associated with disease progression, which may provide beneficial insight into the diagnosis, treatment and prognosis of the disease (22) . The present study selected two datasets of pancreatic cancer in which β-catenin and TCF7L1 knockdown had been performed separately to identify DEGs. A total of 88 shared DEGs were screened out consisting of 37 upregulated and 51 downregulated DEGs. According to functional and pathway enrichment analysis, the shared DEGs were predominantly involved in transport, transcription, and the cytokine and chemokine mediated signaling pathway process. Furthermore, a PPI network was constructed and 15 genes were selected as hub genes, including WDFY2, KIT, EGR1, nSD1, DSTYK, CDK14, MDM2, RPS6KA5, CYP1A1, POLR3B, SMC5, DnAI1, SSH2, TRIM24 and CASK. According to OS analysis, high expression levels of CXCL5, CYP27C1, FUBP1, CDK14 and TRIM24, which were downregulated by inhibition of the β-catenin-TCF7L1 complex, were associated with worse prognosis. notably, both CDK14 and TRIM24 were identified as hub genes in the PPI network and were negatively associated with OS, which suggests these two genes may serve key roles downstream of β-catenin-TCF7L1 complex.
CDK14, a member of the cyclin-dependent kinases, is a cdc2-associated serine/threonine protein kinase, which serves a vital role in normal cell cycle progression (23) . It has been reported that CDK14 may interact with cyclin D3 and human cyclin Y to regulate cell cycle and cell proliferation (24, 25) . Furthermore, certain reports have suggested that CDK14 also regulates a number of pathways, including the Wnt/β-catenin signaling pathway and phosphoinositide 3-kinase (PI3K)/Akt signaling pathway, and cellular mechanisms to act as an oncogene (26, 27) . It is understood that the Wnt/β-catenin signaling pathway is a conserved signaling pathway associated with cell proliferation, migration, apoptosis, differentiation and normal stem cell self-renewal (28) . In the absence of Wnt signaling, the mitosis-specific CDK14-Cyclin Y kinase complex phosphorylates Ser-1490 of LRP5/6, which are co-receptors for Wnt ligands at the G2/M stage, thereby triggering the receptor for Wnt-induced phosphorylation (29, 30) . Furthermore, a previous study has identified that CDK14 is highly expressed in pancreatic cancer, which promotes the proliferation, migration and invasion of cancer cells (31) . In addition, this high expression has been observed in a number of other types of malignant tumor, including hepatocellular carcinoma, gastric cancer and breast cancer (26, 32, 33) . By contrast, knockout or inhibition of CDK14 has been demonstrated to exhibit a benefit on the prognosis of cancer types, including ovarian cancer and breast cancer (32, 34) . Furthermore, the PI3K/Akt signaling pathway also serves a vital role in cell proliferation, migration, apoptosis and differentiation, and dysregulation of this pathway is common in pancreatic cancer. A previous study demonstrated that knockdown of CDK14 inhibited the proliferation and invasion of pancreatic cancer cells, in addition to the epithelial-to-mesenchymal transition, by suppressing the PI3K/Akt signaling pathway (31) . TRIM24, also termed transcription intermediary factor 1-α, is a member of the transcription intermediary factor family and Figure 4 . Overall survival analysis. Ten DEGs of the 88 DEGs were selected for overall survival analysis, including the upregulated genes CASK, IL32 and KRT7, and the downregulated genes CDK14, CXCL5, CYP27C1, DnAI1, FUBP1, TRIM24 and ZMAT1. Overall survival analysis was performed using R software. DEG, differentially expressed gene.
has been confirmed to serve a key role in tumor development and progression (35, 36) . Furthermore, previous studies have demonstrated that TRIM24 is upregulated in several types of cancer and involved in numerous pathways. For example, certain studies have identified that TRIM24 is overexpressed, and promotes cancer cell growth and invasion in bladder cancer and cervical cancer, possibly via the nuclear factor-κB and PI3K/Akt signaling pathways (36, 37) . Similarly, it has been reported that TRIM24 can accelerate cell growth and facilitate gastric cancer progression by activation of the Akt pathway (37) and the Wnt/β-catenin signaling pathway (38) . Notably, in contrast to the aforementioned studies that suggest TRIM24 is an important oncogene in tumor development, TRIM24 has been identified to suppress the progression of murine hepatocellular carcinoma (39) . Therefore, the contradictory role or TRIM24 requires further investigation. In addition to CDK14 and TRIM24, three other genes downstream of β-catenin-TCF7L1 were revealed to be negatively associated with prognosis including, CXCL5, CYP27C1 and FUBP1. CXCL5, CYP27C1 and FUBP1 were not identified as hub genes in the PPI network; however, these genes may also be target genes that affect OS and respond to the β-catenin-TCF7L1 complex.
FUBP1 encodes far upstream element-binding protein 1; a single stranded DNA-binding protein containing three domains that contribute to c-myc transcriptional regulation by binding to the far upstream element (40, 41) . As a member of the myc oncoprotein family, c-myc has been confirmed to be associated with oncogenesis (42, 43) . Therefore, it is not surprising that FUBP1 has also been revealed to be expressed in many types of malignant tissue and promote tumor proliferation and migration, and led to poor prognosis (44, 45) , which is consistent with the previous study. In addition, FUBP1 has been identified to function as an oncogene by regulating c-myc transcription in tumor progression (46) . By contrast, the role of FUBP1 tumorigenesis may be c-myc independent, as a previous report demonstrated that knockdown of FUBP1 had no effect on the level of c-myc in hepatocellular carcinoma (44) . In summary, FUBP1 may serve as a potential drug target due to its significant role in tumorigenesis. A recent study revealed that camptothecin and its analog SN-38, the active metabolite of irinotecan, may serve as a novel therapy for hepatocellular carcinoma by targeting FUBP1 (47) . In addition, a previous study suggested that miR-16 may suppress FUBP1, both of which were associated with the trastuzumab response in ErbB-2-positive primary breast cancer (48) .
CXCL5 is a member of the CXC subfamily of chemokines, which are produced locally in tissues. These chemokines function by interacting with specific G protein-coupled receptors, which are mainly expressed on leukocytes (49) . It is well understood that chemokines serve a key role in infection and inflammation. Similarly, a number of reports have suggested that CXCL5 may contribute to pathogen-and autoimmune-induced inflammatory reactions, and angiogenesis by driving neutrophil recruitment (50, 51) . Furthermore, CXCL5 has also been confirmed to participate in cancer progression. Previous studies have demonstrated that overexpression of CXCL5 mediates neutrophil infiltration, and promotes cell proliferation and invasion in different types of tumor, including hepatocellular carcinoma and colorectal cancer, which suggests a poor prognosis (52, 53) . Knockdown of CXCL5 has been revealed to inhibit the proliferation and migration of human bladder cancer T24 cells (54) . Furthermore, CXCL5 is associated with the PI3K/Akt/glycogen synthase kinase-3β/Snail signaling pathway (55, 56) and epidermal growth factor (EGF)-EGF receptor signaling pathway (57) , which have been demonstrated to serve significant roles in tumorigenesis.
CYP27C1 belongs to the cytochrome P450 superfamily of enzymes, which is understood to catalyze a number of reactions associated with drug metabolism (58) . However, the number of studies regarding CYP27C1 is very limited. Certain studies have revealed that CYP27C1 can convert vitamin A1 into A2, which could be a switch for visual sensitivity (59, 60) . However, the other functions of this gene require further investigation.
In conclusion, the genes identified in the current study may serve as potential targets in pancreatic cancer. Furthermore, the associated functions and pathways may also provide information that can assist with the diagnosis and treatment of patients with pancreatic cancer. however, it is undeniable that there is a limitation of the present study due to the lack of experimental validation. In the future, the results predicted by bioinformatics analysis may be verified by advanced research and technology to provide benefits for the clinical outcome of patients with pancreatic cancer. In summary, the genes identified in the present study may provide potential targets for the diagnosis and treatment of pancreatic cancer, and they need to be validated prior to clinical use.
